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(57) ABSTRACT

An optical system includes at least one optical apparatus.
The optical apparatus includes a first light source, a second
light source, and a dynamic switch. The first light source is
configured for providing a first light beam. The second light
source is configured for providing a second light beam. The
dynamic switch includes a plurality of mirrors arranged in
an array manner. Each of the mirrors has a first tilt angle and
a second tilt angle. The first light beam and the second light
beam impinge on the dynamic switch from different direc-
tions. The dynamic switch reflects the first light beam to a
desired position when the mirrors are at the first tilt angles,
and reflects the second light beam to the desired position
when the mirrors are at the second tilt angles.
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1
OPTICAL SYSTEM

BACKGROUND

1. Field of Invention

The present invention relates to an optical system.

2. Description of Related Art

In a three-dimensional surface measurement, a projector
can be used to provide a light beam to illuminate a three-
dimensional sample. The surface image of the illuminated
sample can be detected by a camera to obtain the surface
information thereof. To acquire more information of the
sample, multiple light sources or light beams with different
projection directions are applied in the measurement system,
which also requires more cameras. However, more of the
projectors and the cameras represent the higher cost and the
more complicated arrangement thereof.

SUMMARY

An aspect of the present invention is to provide an optical
system including at least one optical apparatus. The optical
apparatus includes a first light source, a second light source,
and a dynamic switch. The first light source is configured for
providing a first light beam. The second light source is
configured for providing a second light beam. The dynamic
switch includes a plurality of mirrors arranged in an array
manner. Each of the mirrors has a first tilt angle and a second
tilt angle. The first light beam and the second light beam
impinge on the dynamic switch from different directions.
The dynamic switch reflects the first light beam to a desired
position when the mirrors are at the first tilt angles, and
reflects the second light beam to the desired position when
the mirrors are at the second tilt angles.

In one or more embodiments, a light path of the first light
beam from the dynamic switch to the desired position is the
same as a light path of the second light beam from the
dynamic switch to the desired position.

In one or more embodiments, the optical apparatus further
includes a first reflector and a second reflector. The first
reflector is configured for reflecting the first light beam from
the first light source to the dynamic switch. The second
reflector is configured for reflecting the second light beam
from the second light source to the dynamic switch.

In one or more embodiments, the optical apparatus further
includes a prism group configured for guiding the first light
beam from the first light source to the dynamic switch,
guiding the second light beam from the second light source
to the dynamic switch, and guiding the first light beam and
the second light beam reflected by the dynamic switch to the
desired position.

In one or more embodiments, the optical apparatus further
includes an optical module for respectively guiding the first
light beam and the second light beam reflected by the
dynamic switch to the desired position along different light
paths.

In one or more embodiments, the optical apparatus further
includes a third light source and a fourth light source. The
third light source is configured for providing a third light
beam. The fourth light source is configured for providing a
fourth light beam. The third light beam and the fourth light
beam impinge on the dynamic switch from different direc-
tions, and the optical module is further configured for
respectively guiding the third light beam and the fourth light
beam reflected by the dynamic switch to the desired position
along different light paths.
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2

In one or more embodiments, the number of the optical
apparatus is plural, and the first light beams of the optical
apparatuses impinge on the desired position along different
directions.

Another aspect of the present invention is to provide an
optical system including at least one optical apparatus. The
optical apparatus includes a first image sensing device, a
second image sensing device, and a dynamic switch. The
dynamic switch includes a plurality of mirrors arranged in
an array manner. Each of the mirrors has a first tilt angle and
a second tilt angle. The dynamic switch reflects a first image
from a desired position to the first image sensing device
when the mirrors are at the first tilt angles and reflects a
second image from the desired position to the second image
sensing device when the mirrors are at the second tilt angles.

In one or more embodiments, a light path of the first
image from the desired position to the dynamic switch is the
same as a light path of the second image from the desired
position to the dynamic switch.

In one or more embodiments, the optical apparatus further
includes a first reflector and a second reflector. The first
reflector is configured for reflecting the first image from the
dynamic switch to the first image sensing device. The
second reflector is configured for reflecting the second
image from the dynamic switch to the second image sensing
device.

In one or more embodiments, the optical apparatus further
includes a prism group configured for guiding the first image
and the second image from the desired position to the
dynamic switch, guiding the first image from the dynamic
switch to the first image sensing device, and guiding the
second image from the dynamic switch to the second image
sensing device.

In one or more embodiments, the optical apparatus further
includes an optical module configured for respectively guid-
ing the first image and the second image from the desired
position to the dynamic switch along different light paths.

In one or more embodiments, the optical apparatus further
includes a third image sensing device and a fourth image
sensing device. The optical module is further configured for
respectively guiding a third image and a fourth image from
the desired position to the dynamic switch along different
light paths, and the dynamic switch is further configured for
respectively reflecting the third image and the fourth image
to the third image sensing device and the fourth image
sensing device.

In one or more embodiments, the number of the optical
apparatus is plural, and the dynamic switches of the optical
apparatuses reflect the first images from the desired position
along different directions.

Still another aspect of the present invention is to provide
an optical system including at least one optical apparatus.
The optical apparatus includes a first light source, a first
image sensing device, and a dynamic switch. The first light
source is configured for providing a first light beam. The
dynamic switch includes a plurality of mirrors arranged in
an array manner. Each of the mirrors has a first tilt angle and
a second tilt angle. The first light beam impinge on the
dynamic switch, and the dynamic switch reflects the first
light beam to a desired position when the mirrors are at the
first tilt angles, and the dynamic switch reflects a first image
from the desired position to the first image sensing device
when the mirrors are at the second tilt angles.

In one or more embodiments, a light path of the first light
beam from the dynamic switch to the desired position is the
same as a light path of the first image from the desired
position to the dynamic switch.
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In one or more embodiments, the optical apparatus further
includes a first reflector and a second reflector. The first
reflector is configured for reflecting the first light beam from
the first light source to the dynamic switch. The second
reflector is configured for reflecting the first image from the
dynamic switch to the first image sensing device.

In one or more embodiments, the optical apparatus further
includes a prism group configured for guiding the first light
beam from the first light source to the dynamic switch,
guiding the first light beam from the dynamic switch to the
desired position, guiding the first image from the desired
position to the dynamic switch, and guiding the first image
from the dynamic switch to the first image sensing device.

In one or more embodiments, the optical apparatus further
includes an optical module configured for guiding the first
light beam reflected by the dynamic switch to the desired
position and guiding the first image from the desired posi-
tion to the dynamic switch along different light paths.

In one or more embodiments, the optical apparatus further
includes a second light source and a second image sensing
device. The second light source is configured for providing
a second light beam. The optical module is further config-
ured for guiding the second light beam reflected by the
dynamic switch to the desired position and guiding a second
image from the desired position to the dynamic switch along
different light paths.

In one or more embodiments, the number of the optical
apparatus is plural, and the first light beams of the optical
apparatuses impinge on the desired position along different
directions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic diagram of an optical system
according to a first embodiment of the present invention
during a first time period;

FIG. 1B is a schematic diagram of the optical system of
FIG. 1A during a second time period;

FIG. 2 is a schematic diagram of a dynamic switch of FIG.
1A;

FIG. 3A is a schematic diagram of an optical system
according to a second embodiment of the present invention
during the first time period;

FIG. 3B is a schematic diagram of the optical system of
FIG. 3A during the second time period;

FIG. 4 is a schematic diagram of an optical system
according to a third embodiment of the present invention;

FIG. 5 is a schematic diagram of an optical system
according to a fourth embodiment of the present invention;

FIG. 6 is a schematic diagram of an optical system
according to a fifth embodiment of the present invention;

FIG. 7 is a schematic diagram of an optical system
according to a sixth embodiment of the present invention;

FIG. 8 is a schematic diagram of an optical system, a
plane, and a three-dimensional sample according to a sev-
enth embodiment of the present invention;

FIG. 9 is a schematic diagram of an optical system, a
plane, and a three-dimensional sample according to an
eighth embodiment of the present invention;

FIG. 10 is a schematic diagram of an optical system, a
plane, and a three-dimensional sample according to a ninth
embodiment of the present invention;

FIG. 11 is a schematic diagram of an optical system
according to a tenth embodiment of the present invention;

FIG. 12 is a schematic diagram of an optical system
according to an eleventh embodiment of the present inven-
tion; and
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FIG. 13 is a schematic diagram of an optical system
according to a twelfth embodiment of the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible,
the same reference numbers are used in the drawings and the
description to refer to the same or like parts.

FIG. 1A is a schematic diagram of an optical system
according to a first embodiment of the present invention
during a first time period, FIG. 1B is a schematic diagram of
the optical system of FIG. 1A during a second time period,
and FIG. 2 is a schematic diagram of a dynamic switch 130
of FIG. 1A. As shown in figures, the optical system includes
at least one optical apparatus 100. For example, the optical
system includes one optical apparatus 100 in FIGS. 1A and
1B. The optical apparatus 100 includes a first light source
110, a second light source 120, and a dynamic switch 130.
The first light source 110 is configured for providing a first
light beam 112. The second light source 120 is configured
for providing a second light beam 122. The dynamic switch
130 includes a plurality of mirrors 132 arranged in an array
manner. Each of the mirrors 132 has a first tilt angle 61 and
a second tilt angle 02. The first light beam 112 and the
second light beam 122 impinge on the dynamic switch 130
from different directions. The dynamic switch 130 reflects
the first light beam 112 to a desired position D when the
mirrors 132 are at the first tilt angles 61, and reflects the
second light beam 122 to the desired position D when the
mirrors 132 are at the second tilt angles 02.

For clarity, only four mirrors 132 are depicted in FIG. 2,
and the number of the mirrors 132 can be determined
according to real requirements. The dynamic switch 130
further includes a substrate 134, and the mirrors 132 are
disposed on the substrate 134. Each of the mirrors 132 has
a reflective surface, and the substrate 134 has a supporting
surface where the mirrors 132 attached to. The first tilt angle
01 and the second tilt angle 62 herein are defined as the
angles between the normal line N1 of the supporting surface
and the normal lines N2 and N2' of the reflective surfaces of
the mirrors 132.

More specifically, in this embodiment, the optical appa-
ratus 100 can be a projector, and the desired position D is a
projection plane of the projector. In the first time period, as
shown in FIG. 1A, the first light source 110 is turned on and
the second light source 120 is turned off. Meanwhile, the
mirrors 132 of the dynamic switch 130 are at the first tilt
angles 01. Hence, the first light source 110 provides the first
light beam 112 to the dynamic switch 130 and is reflected to
the desired position D along a light path P1. In the second
time period, as shown in FIG. 1B, the second light source
120 is turned on and the first light source 110 is turned off.
Meanwhile, the mirrors 132 of the dynamic switch 130 are
at the second tilt angles 62. Hence, the second light source
120 provides the second light beam 122 to the dynamic
switch 130 and is reflected to the desired position D along
a light path P2.

With this configuration, the optical apparatus 100 in
FIGS. 1A and 1B can provide different light beams to the
same desired position D by switching the tilt angles of the
mirrors 132 of the dynamic switch 130. In other words,
different light sources can be integrated into a single appa-
ratus and share one output light path. Therefore, the whole
size of the optical system can be reduced while multiple
functions of the optical system can be applied.
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Furthermore, the dynamic switch 130, which can be a
digital micromirror device, can individually control the tilt
angles of the mirrors 132 thereof to adjust the intensities or
the patterns of the first light beam 112 and the second light
beam 122. Taking adjusting the intensity as an example, in
the first time period, if the intensity of the first light beam
112 impinging on the desired position D is desired to be
reduced to its 70% original intensity, 70% of the mirrors 132
of'the dynamic switch 130 can be at the first angles 01 while
another 30% of the mirrors 132 are at the second angles 02.
Hence, only the 70% of the mirrors 132 at the first angle 61
reflect 70% of the first light beam 112 to the desired position
D, and the 30% of the mirrors 132 at the second angle 62
reflect 30% of the first light beam 112 to other position.
Similarly, the dynamic switch 130 can control the amount of
the mirrors 132 at the second tilt angle 62 in the second time
period to adjust the intensity of the second light beam 122.
In summary, the dynamic switch 130 can adjust the inten-
sities of the first light beam 112 and the second light beam
122 according to real requirements, and the optical apparatus
100 do not need to add a filter to adjust the intensities of the
first light beam 112 and the second light beam 122.

Moreover, take adjusting the pattern as an example. In the
first time period, if a fringe patterned light is desired to be
projected on the desired position D, the dynamic switch 130
can control its mirrors 132, such as turning the mirrors 132
in odd columns to the first tilt angles 61 and turning the
mirrors 132 in even columns to the second tilt angles 62,
such that only the portion impinging on the odd-column
mirrors 132 can be reflected to the desired position D, and
the first light beam 112 is modulated to be a fringe patterned
light. Similarly, the dynamic switch 130 can individually
control the mirrors 132 in the second time period to adjust
the patterns of the second light beam 122.

In this embodiment, the light path P1 of the first light
beam 112 from the dynamic switch 130 to the desired
position D is the same as the light path P2 of the second light
beam 122 from the dynamic switch 130 to the desired
position D. In other words, the first light beam 112 and the
second light beam 122 are coaxial. The dynamic switch 130
in this embodiment not only can adjust the intensities and the
patterns of the first light beam 112 and the second light beam
122, but also can align the first light beam 112 and the
second light beam 122 to the same light path.

In this embodiment, the optical apparatus 100 further
includes a first reflector 140 and a second reflector 145. The
first reflector 140 is configured for reflecting the first light
beam 112 from the first light source 110 to the dynamic
switch 130. The second reflector 145 is configured for
reflecting the second light beam 122 from the second light
source 120 to the dynamic switch 130. The first reflector 140
and the second reflector 145 respectively fold the light paths
of the first light beam 112 and the second light beam 122
before they impinge on the dynamic switch 130, such that
the whole size of the optical apparatus 100 can be reduced.
Furthermore, the light paths P1 and P2 can be easily
calibrated by tuning the tilt angles of the first reflector 140
and the second reflector 145.

The light paths of the first light beam 112 and the second
light beam 122 can be folded by other configurations. FIG.
3Ais a schematic diagram of an optical system according to
a second embodiment of the present invention during the
first time period, and FIG. 3B is a schematic diagram of the
optical system of FIG. 3A during the second time period. In
this embodiment, the optical apparatus 100 includes a prism
group 150 to replace the first reflector 140 and the second
reflector 145 in FIGS. 1A and 1B. The prism group 150 is
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6

configured for guiding the first light beam 112 from the first
light source 110 to the dynamic switch 130, guiding the
second light beam 122 from the second light source 120 to
the dynamic switch 130, and guiding the first light beam 112
and the second light beam 122 reflected by the dynamic
switch 130 to the desired position D.

In greater detail, the prism group 150 includes a first
prism 152 and a second prism 154 disposed adjacent to the
first prism 152. In the first time period, the first light beam
112 passes through the first prism 152 and the second prism
154 in sequence and impinges on the dynamic switch 130.
After being reflected by the dynamic switch 130, the first
light beam 112 then propagates back to the second prism 154
and is reflected to the desired position D by the side 155 of
the second prism 154. In the second time period, the second
light beam 122 passes through the second prism 154 and
impinges on the dynamic switch 130. After being reflected
by the dynamic switch 130, the second light beam 122 then
propagates back to the second prism 154 and is reflected to
the desired position D by the side 155 of the second prism
154. Other relevant structural details of the second embodi-
ment are all the same as the first embodiment, and, therefore,
a description in this regard will not be repeated hereinafter.

FIG. 4 is a schematic diagram of an optical system
according to a third embodiment of the present invention.
Reference is made to FIGS. 2 and 4. In this embodiment, the
optical system includes an optical apparatus 100 including a
first image sensing device 160, a second image sensing
device 170, and the aforementioned dynamic switch 130.
The dynamic switch 130 reflects a first image 162 from a
desired position D to the first image sensing device 160
when the mirrors 132 are at the first tilt angles 01 and reflects
a second image 172 from the desired position D to the
second image sensing device 170 when the mirrors 132 are
at the second tilt angles 02.

More specifically, in this embodiment, the optical appa-
ratus 100 can be a camera, and the desired position D is an
object plane of the camera. In a first time period, the first
image sensing device 160 is turned on and the second image
sensing device 170 is turned off. Meanwhile, the mirrors 132
of the dynamic switch 130 are at the first tilt angles 01.
Hence, the first image 162 on the desired position D is
guided by the dynamic switch 130 and is detected by the first
image sensing device 160. In the second time period, the
second image sensing device 170 is turned on and the first
image sensing device 160 is turned off. Meanwhile, the
mirrors 132 of the dynamic switch 130 are at the second tilt
angles 62. Hence, the second image 172 on the desired
position D is guided by the dynamic switch 130 and is
detected by the second image sensing device 170.

With this configuration, the optical apparatus 100 in FIG.
4 can detect different images in different time periods by
switching the tilt angles of the mirrors 132 of the dynamic
switch 130. In other words, different image sensing devices
can be integrated into a single apparatus and share one
detecting entrance. Therefore, the whole size of the optical
system can be reduced while multiple functions of the
optical system can be applied.

In this embodiment, a light path P3 of the first image 162
from the desired position D to the dynamic switch 130 is the
same as a light path P4 of the second image 172 from the
desired position D to the dynamic switch 130. In other
words, the first image 162 and the second image 172 are
coaxial and aligned by the dynamic switch 130.

In this embodiment, the optical apparatus 100 further
includes the aforementioned first reflector 140 and the
second reflector 145. The first reflector 140 in this embodi-
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ment is configured for reflecting the first image 162 from the
dynamic switch 130 to the first image sensing device 160.
The second reflector 145 is configured for reflecting the
second image 172 from the dynamic switch 130 to the
second image sensing device 170. The first reflector 140 and
the second reflector 145 respectively fold the light paths of
the first image 162 and the second image 172 after they
impinge on the dynamic switch 130, such that the whole size
of the optical apparatus 100 can be reduced. Furthermore,
the light paths P3 and P4 can be easily calibrated by tuning
the tilt angles of the first reflector 140 and the second
reflector 145.

The light paths of the first image 162 and the second
image 172 can be folded by other configurations. FIG. 5 is
a schematic diagram of an optical system according to a
fourth embodiment of the present invention. In this embodi-
ment, the optical apparatus 100 further includes the afore-
mentioned prism group 150 to replace the first reflector 140
and the second reflector 145 in FIG. 4. The prism group 150
in this embodiment is configured for guiding the first image
162 and the second image 172 from the desired position D
to the dynamic switch 130, guiding the first image 162 from
the dynamic switch 130 to the first image sensing device
160, and guiding the second image 172 from the dynamic
switch 130 to the second image sensing device 170.

In greater detail, in the first time period, the first image
162 enters the second prism 154 and is reflected to the
dynamic switch 130 by the side 155 of the second prism 154.
After being reflected by the dynamic switch 130, the first
image 162 then passes through the second prism 154 and the
first prism 152 in sequence and is detected by the first image
sensing device 160. In the second time period, the second
image 172 enters the second prism 154 and is reflected to the
dynamic switch 130 by the side 155 of the second prism 154.
After being reflected by the dynamic switch 130, the second
image 172 then passes through the second prism 154 and is
detected by the second image sensing device 170. Other
relevant structural details of the fourth embodiment are all
the same as the third embodiment, and, therefore, a descrip-
tion in this regard will not be repeated hereinafter.

FIG. 6 is a schematic diagram of an optical system
according to a fifth embodiment of the present invention.
Reference is made to FIGS. 2 and 6. In this embodiment, the
optical system includes an optical apparatus 100 including a
first light source 180, a first image sensing device 190, and
the aforementioned dynamic switch 130. The first light
source 180 is configured for providing a first light beam 182.
The dynamic switch 130 reflects the first light beam 182 to
a desired position D when the mirrors 132 are at the first tilt
angles 01, and the dynamic switch 130 reflects a first image
192 from the desired position D to the first image sensing
device 190 when the mirrors 132 are at the second tilt angles
02.

More specifically, in this embodiment, the optical appa-
ratus 100 can be a projector/camera assembly, and the
desired position D is both a projection plane of the projector
and an object plane of the camera. In a first time period, the
first light source 180 is turned on and the first image sensing
device 190 is turned off. Meanwhile, the mirrors 132 of the
dynamic switch 130 are at the first tilt angles 61. Hence, the
first light source 180 provides the first light beam 182 to the
dynamic switch 130 and is reflected to the desired position
D along a light path P5. In a second time period, the first
image sensing device 190 is turned on and the first light
source 180 is turned off. Meanwhile, the mirrors 132 of the
dynamic switch 130 are at the second tilt angles 62. Hence,
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the first image 192 is guided by the dynamic switch 130 and
is detected by the first image sensing device 190.

With this configuration, the optical apparatus 100 in FIG.
6 can provide projection function and image sensing func-
tion by switching the tilt angles of the mirrors 132 of the
dynamic switch 130. In other words, a projection and a
camera can be integrated into a single apparatus and share
one light path. Therefore, the whole size of the optical
system can be reduced while multiple functions of the
optical system can be applied. Furthermore, the dynamic
switch 130 can individually control the tilt angles of the
mirrors 132 thereof to adjust the intensity or the pattern of
the first light beam 182 in the first time period, and the
adjusting detail is the same as mentioned above.

In this embodiment, the light path P5 of the first light
beam 182 from the dynamic switch 130 to the desired
position D is the same as the light path P6 of the first image
192 from the desired position D to the dynamic switch 130.
In other words, the first light beam 182 and the first image
192 are coaxial. The dynamic switch 130 in this embodiment
not only can adjust the intensity and the pattern of the first
light beam 182, but also can align the first light beam 182
and the first image 192 to the same light path.

In this embodiment, the optical apparatus 100 further
includes the aforementioned first reflector 140 and the
second reflector 145. The first reflector 140 in this embodi-
ment is configured for reflecting the first light beam 182
from the first light source 180 to the dynamic switch 130.
The second reflector 145 is configured for reflecting the first
image 192 from the dynamic switch 130 to the first image
sensing device 190. The first reflector 140 and the second
reflector 145 respectively fold the light paths of the first light
beam 182 and the first image 192, such that the whole size
of the optical apparatus 100 can be reduced. Furthermore,
the light paths P5 and P6 can be easily calibrated by tuning
the tilt angles of the first reflector 140 and the second
reflector 145.

The light paths of the first light beam 182 and the first
image 192 can be folded by other configurations. FIG. 7 is
a schematic diagram of an optical system according to a
sixth embodiment of the present invention. In this embodi-
ment, the optical apparatus 100 includes the aforementioned
prism group 150 to replace the first reflector 140 and the
second reflector 145 in FIG. 6. The prism group 150 in this
embodiment is configured for guiding the first light beam
182 from the first light source 180 to the dynamic switch
130, guiding the first light beam 182 from the dynamic
switch 130 to the desired position D, guiding the first image
192 from the desired position D to the dynamic switch 130,
and guiding the first image 192 from the dynamic switch 130
to the first image sensing device 190.

In greater detail, in the first time period, the first light
beam 182 passes through the first prism 152 and the second
prism 154 in sequence and impinges on the dynamic switch
130. After being reflected by the dynamic switch 130, the
first light beam 182 then propagates back to the second
prism 154 and is reflected to the desired position D by the
side 155 of the second prism 154. In the second time period,
the first image 192 enters the second prism 154 and is
reflected to the dynamic switch 130 by the side 155 of the
second prism 154. After being reflected by the dynamic
switch 130, the first image 192 then passes through the
second prism 154 and is detected by the first image sensing
device 190. Other relevant structural details of the sixth
embodiment are all the same as the fifth embodiment, and,
therefore, a description in this regard will not be repeated
hereinafter.
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FIG. 8 is a schematic diagram of an optical system, a
plane 900, and a three-dimensional sample S according to a
seventh embodiment of the present invention. In this
embodiment, the optical system includes two optical appa-
ratuses 100 of FIG. 1A or 3A, and the first light beams 112
and the second light beams 122 of the optical apparatuses
100 impinge on the desired position D along different
directions. For example, the desired position D is located on
the plane 900, and the two optical apparatuses 100 are
symmetric with respect to a normal line N of the plane 900.
The optical system of this embodiment can provide four
kinds of light beams to the desired position D in two time
periods. Furthermore, since the first light beams 112 and the
second light beams 122 of the optical apparatuses 100
impinge on the desired position D along different directions,
the optical system of this embodiment can illuminate the
three-dimensional sample S disposed at the desired position
D clearly.

In this embodiment, the optical system can further
includes an image sensing device 300 disposed between two
of the optical apparatuses 100. The image sensing device
300 can detect the images of the three-dimensional sample
S disposed at the desired position D. For example, in the first
time period, both of the optical apparatuses 100 provide the
first light beams 112, i.e., both of the first light sources 110
of the optical apparatuses 100 are turned on and both of the
second light sources 120 of the optical apparatuses 100 are
turned off, to the three-dimensional sample S, and the image
sensing device 300 detects the image of the three-dimen-
sional sample S simultaneously. In the second time period,
both of the optical apparatuses 100 provide the second light
beams 122, i.e., both of the second light sources 120 of the
optical apparatuses 100 are turned on and both of the first
light sources 110 of the optical apparatuses 100 are turned
off, to the three-dimensional sample S, and the image
sensing device 300 detects the image of the three-dimen-
sional sample S simultaneously. Therefore, the optical sys-
tem can get more information of the three-dimensional
sample S without taking long time and large spatial space.
Other relevant structural details of the seventh embodiment
are all the same as the first embodiment, and, therefore, a
description in this regard will not be repeated hereinafter.

FIG. 9 is a schematic diagram of an optical system, a
plane 900, and a three-dimensional sample S according to an
eighth embodiment of the present invention. In this embodi-
ment, the optical system includes two optical apparatuses
100a and 1005, where these two optical apparatuses 100a
and 1005 have the same structure as the optical apparatuses
100 of FIG. 6 or 7, and the light beams 1824 and 1825 of the
optical apparatuses 100a and 1005 impinge on the desired
position D along different directions. For example, the
desired position D is located on the plane 900, and the two
optical apparatuses 100a and 10056 are symmetric with
respect to a normal line N of the plane 900.

In this embodiment, in the first time period, the first light
source 180q of the optical apparatus 100a and the first image
sensing device 1905 of the optical apparatus 1005 are both
turned on, and the first light source 1805 of the optical
apparatus 1005 and the first image sensing device 190a of
the optical apparatus 100a are both turned off. Hence, in the
first time period, the optical apparatus 100a provides the first
light beam 182a to illuminate the left-hand side of the
three-dimensional sample S disposed at the desired position
D, and the optical apparatus 1005 detects the image of the
three-dimensional sample S from right-hand side. In the
second time period, the first light source 1805 of the optical
apparatus 1005 and the first image sensing device 190a of
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the optical apparatus 100a are both turned on, and the first
light source 180a of the optical apparatus 100a and the first
image sensing device 1905 of the optical apparatus 1005 are
both turned off. Hence, in the second time period, the optical
apparatus 1005 provides the first light beam 18256 to illu-
minate the right-hand side of the three-dimensional sample
S, and the optical apparatus 100a detects the image of the
three-dimensional sample S from left-hand side. Therefore,
the optical system can get more information of the three-
dimensional sample S without taking long time and large
spatial space, and the illuminating light path and the detect-
ing light path are not blocked. Other relevant structural
details of the eighth embodiment are all the same as the fifth
embodiment, and, therefore, a description in this regard will
not be repeated hereinafter.

FIG. 10 is a schematic diagram of an optical system, a
plane 900, and a three-dimensional sample S according to a
ninth embodiment of the present invention. In this embodi-
ment, the optical system includes two apparatuses 100 of
FIG. 4 or 5, and the images 162 and 172 of the desired
position D are detected along different directions. For
example, the desired position D is located on the plane 900,
and the two optical apparatuses 100 are symmetric with
respect to a normal line N of the plane 900. The first image
device 160 and the second image device 170 of each of the
optical apparatuses 100 can be sensitive to, for example,
different wavelength ranges, such that the optical system can
use a light source (not shown) to provide different light
beams with different wavelength ranges in different time
period, and the first image device 160 and the second image
device 170 can be turned on when the corresponding light
beam is provided. With this configuration, the optical system
can get more information of the three-dimensional sample S
without taking long time and large spatial space, and the
detecting light paths are not blocked. Other relevant struc-
tural details of the ninth embodiment are all the same as the
third embodiment, and, therefore, a description in this regard
will not be repeated hereinafter.

FIG. 11 is a schematic diagram of an optical system
according to a tenth embodiment of the present invention.
Reference is made to FIGS. 2 and 11. In this embodiment,
the optical system includes an optical apparatus 100 includ-
ing the aforementioned first light source 110, the aforemen-
tioned second light source 120, a third light source 110", a
fourth light source 120", the aforementioned dynamic switch
130, and an optical module 210. The third light source 110'
provides a third light beam 112', and the fourth light source
120" provides a fourth light beam 120'. The optical module
210 is configured for respectively guiding the first light
beam 112 and the second light beam 122 reflected by the
dynamic switch 130 to the desired position D along different
light paths, and respectively guiding the third light beam
112" and the fourth light beam 122' reflected by the dynamic
switch 130 to the desired position D along different light
paths. Furthermore, the light path P1 of the first light beam
112 from the dynamic switch 130 to the desired position D
is the same as the light path P1' of the third light beam 112"
from the dynamic switch 130 to the desired position D, and
the light path P2 of the second light beam 122 from the
dynamic switch 130 to the desired position D is the same as
the light path P2' of the fourth light beam 122' from the
dynamic switch 130 to the desired position D.

In this embodiment, the optical module 210 includes
reflectors 222, 226, 212, and 216 and prisms 224 and 214.
The reflector 212 is configured for reflecting the first light
beam 112 and the third light beam 112' coming from the
dynamic switch 130 to the prism 214, the prism 214 is
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configured for deflecting the first light beam 112 and the
third light beam 112' coming from the reflector 212 to the
reflector 216 and adjusting the light path length of the first
light beam 112 and the third light beam 112', and the
reflector 216 is configured for reflecting the first light beam
112 and the third light beam 112' coming from the prism 214
to the desired position D. Moreover, the reflector 222 is
configured for reflecting the second light beam 122 and the
fourth light beam 122' coming from the dynamic switch 130
to the prism 224, the prism 224 is configured for deflecting
the second light beam 122 and the fourth light beam 122
coming from the reflector 222 to the reflector 226 and
adjusting the light path length of the second light beam 122
and the fourth light beam 122', and the reflector 226 is
configured for reflecting the second light beam 122 and the
fourth light beam 122' coming from the prism 224 to the
desired position D.

More specifically, in this embodiment, the optical appa-
ratus 100 can be a projector, and the desired position D is a
projection plane of the projector. In the first time period, the
first light source 110 and the fourth light source 120' are
turned on and the second light source 120 and the third light
source 110' are turned off. Meanwhile, the mirrors 132 of the
dynamic switch 130 are at the first tilt angles 61. Hence, the
first light source 110 provides the first light beam 112 to the
dynamic switch 130 and is guided to the desired position D
sequentially through the reflector 212, the prism 214, and the
reflector 216. The fourth light source 120' provides the
fourth light beam 122' to the dynamic switch 130 and is
guided to the desired position D sequentially through the
reflector 222, the prism 224, and the reflector 226. In the
second time period, the second light source 120 and the third
light source 110' are turned on and the first light source 110
and the fourth light source 120" are turned off. Meanwhile,
the mirrors 132 of the dynamic switch 130 are at the second
tilt angles 62. Hence, the second light source 120 provides
the second light beam 122 to the dynamic switch 130 and is
guided to the desired position D sequentially through the
reflector 222, the prism 224, and the reflector 226. The third
light source 110' provides the third light beam 112' to the
dynamic switch 130 and is guided to the desired position D
sequentially through the reflector 212, the prism 214, and the
reflector 216.

With this configuration, the optical apparatus 100 can
provide different light beams to the same desired position D
by switching the tilt angles of the mirrors 132 of the dynamic
switch 130. In other words, different light sources can be
integrated into a single apparatus. Furthermore, since the
first light beam 112 and the second light beam 122 are
incident the desired position D along different light paths,
and the third light beam 112' and the fourth light beam 122'
are incident the desired position D along different light
paths, the optical apparatus 100 can provide wide illumina-
tion directions without taking large spatial space and adding
other elements. Therefore, the whole size of the optical
system can be reduced while multiple functions of the
optical system can be applied. Furthermore, the dynamic
switch 130 can individually control the tilt angles of the
mirrors 132 thereof to adjust the intensities or the patterns of
the first light beam 112, the second light beam 122, the third
light beam 112', and the fourth light beam 122' as mentioned
above. Other relevant structural details of the tenth embodi-
ment are all the same as the first embodiment, and, therefore,
a description in this regard will not be repeated hereinafter.

Although there are four light sources in FIG. 11, the
number of the light sources is not limited in this respect. The
optical apparatus in other embodiments can include two
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light sources (for example, the first light source 110 and the
second light source 120, or the third light source 110" and the
second light source 120') or more than four light sources.
Basically, an embodiment falls within the claimed scope of
the invention if at least two light beams impinge on the
dynamic switch 130 from different directions and are guided
to the same desired position D.

FIG. 12 is a schematic diagram of an optical system
according to an eleventh embodiment of the present inven-
tion. Reference is made to FIGS. 2 and 12. In this embodi-
ment, the optical system includes an optical apparatus 100
including the aforementioned first image sensing device
160, the aforementioned second image sensing device 170,
a third image sensing device 160', a fourth image sensing
device 170", the aforementioned dynamic switch 130, and
the aforementioned optical module 210. The optical module
210 in this embodiment is configured for respectively guid-
ing a first image 162 and a second image 172 from the
desired position D to the dynamic switch 130 along different
light paths, and also respectively guiding a third image 162"
and a fourth image 172' from the desired position D to the
dynamic switch 130 along different light paths. Furthermore,
the light path P3 of the first image 162 from the desired
position D to the dynamic switch 130 is the same as the light
path P3' of the third image 162' from the desired position D
to the dynamic switch 130; the light path P4 of the second
image 172 from the desired position D to the dynamic switch
130 is the same as the light path P4' of the fourth image 172'
from the desired position D to the dynamic switch 130.

In this embodiment, the reflector 216 is configured for
reflecting the first image 162 and the third image 162' of the
desired position D to the prism 214, the prism 214 is
configured for deflecting the first image 162 and the third
image 162' coming from the reflector 216 to the reflector 212
and adjusting the light path length of the first image 162 and
the third image 162", and the reflector 212 is configured for
reflecting the first image 162 and the third image 162'
coming from the prism 214 to the dynamic switch 130.
Moreover, the reflector 226 is configured for reflecting the
second image 172 and the fourth image 172' of the desired
position D to the prism 224, the prism 224 is configured for
deflecting the second image 172 and the fourth image 172"
coming from the reflector 226 to the reflector 222 and
adjusting the light path length of the second image 172 and
the fourth image 172', and the reflector 222 is configured for
reflecting the second image 172 and the fourth image 172'
coming from the prism 224 to the dynamic switch 130.

More specifically, in this embodiment, the optical appa-
ratus 100 can be a camera, and the desired position D is an
object plane of the camera. In a first time period, the first
image sensing device 160 and the fourth image sensing
device 170" are turned on and the second image sensing
device 170 and the third image sensing device 160" are
turned off. Meanwhile, the mirrors 132 of the dynamic
switch 130 are at the first tilt angles 81. Hence, the first
image 162 is guided to the dynamic switch 130 sequentially
through the reflector 216, the prism 214, and the reflector
212, and then the dynamic switch 130 reflects the first image
162 to the first image sensing device 160. The fourth image
172" is guided to the dynamic switch 130 sequentially
through the reflector 226, the prism 224, and the reflector
222, and then the dynamic switch 130 reflects the fourth
image 172' to the fourth image sensing device 170'. In the
second time period, the second image sensing device 170
and the third image sensing device 160" are turned on while
the first image sensing device 160 and the fourth image
sensing device 170" are turned off. Meanwhile, the mirrors
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132 of the dynamic switch 130 are at the second tilt angles
02. Hence, the second image 172 is guided to the dynamic
switch 130 sequentially through the reflector 226, the prism
224, and the reflector 222, and then the dynamic switch 130
reflects the second image 172 to the second image sensing
device 170. The third image 162' is guided to the dynamic
switch 130 sequentially through the reflector 216, the prism
214, and the reflector 212, and then the dynamic switch 130
reflects the third image 162' to the third image sensing
device 160'.

With this configuration, the optical apparatus 100 in FIG.
12 can detect different images in different time periods by
switching the tilt angles of the mirrors 132 of the dynamic
switch 130. In other words, different image sensing devices
can be integrated into a single apparatus. Furthermore, since
the first image sensing device 160 and the second image
sensing device 170 respectively detect the first image 162
and the second image 172 of the desired position D from
different directions, and the third image sensing device 160'
and the fourth image sensing device 170" respectively detect
the third image 162' and the fourth image 172' of the desired
position D from different directions, the optical apparatus
100 can detect the image from multiple directions without
adding other elements and taking large spatial space. There-
fore, the whole size of the optical system can be reduced
while multiple functions of the optical system can be
applied. Other relevant structural details of the eleventh
embodiment are all the same as the tenth embodiment, and,
therefore, a description in this regard will not be repeated
hereinafter.

Although there are four image sensing devices in FIG. 12,
the number of the image sensing devices is not limited in this
respect. The optical apparatus in other embodiments can
include two image sensing devices (for example, the first
image sensing devices 160 and the second image sensing
devices 170, or the third image sensing devices 160' and the
fourth image sensing devices 170') or more than four image
sensing devices. Basically, an embodiment falls within the
claimed scope of the invention if at least two images of the
same desired position propagate to the dynamic switch 130
from different directions and are guided to different image
sensing devices.

FIG. 13 is a schematic diagram of an optical system
according to a twelfth embodiment of the present invention.
Reference is made to FIGS. 2 and 13. In this embodiment,
the optical system includes an optical apparatus 100 includ-
ing the aforementioned first light source 180, the aforemen-
tioned first image sensing device 190, a second light source
180", a second image sensing device 190', the aforemen-
tioned dynamic switch 130, and the aforementioned optical
module 210. The first light source 180 is configured for
providing the first light beam 182, and the second light
source 180' is configured for providing the second light
beam 182'. The optical module 210 in this embodiment is
configured for respectively guiding the first light beam 182
reflected by the dynamic switch 130 to the desired position
D and the first image 192 from the desired position D to the
dynamic switch 130 along different light paths, further
respectively guiding the second light beam 182' reflected by
the dynamic switch 130 to the desired position D and the
second image 192' from the desired position D to the
dynamic switch 130 along different light paths. Furthermore,
the light path P5 of the first light beam 182 from the dynamic
switch 130 to the desired position D is the same as the light
path P5' of the second light beam 182' from the dynamic
switch 130 to the desired position D; the light path P6 of the
first image 192 from the desired position D to the dynamic
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switch 130 is the same as the light path P6' of the second
image 192' from the desired position D to the dynamic
switch 130.

In this embodiment, the reflector 212 is configured for
reflecting the first light beam 182 and the second light beam
182' coming from the dynamic switch 130 to the prism 214,
the prism 214 is configured for deflecting the first light beam
182 and the second light beam 182' coming from the
reflector 212 to the reflector 216 and adjusting the light path
length of the first light beam 182 and the second light beam
182", and the reflector 216 is configured for reflecting the
first light beam 182 and the second light beam 182' coming
from the prism 214 to the desired position D. Moreover, the
reflector 226 is configured for reflecting the first image 192
and the second image 192' of the desired position D to the
prism 224, the prism 224 is configured for deflecting the first
image 192 and the second image 192' coming from the
reflector 226 to the reflector 222 and adjusting the light path
length of the first image 192 and the second image 192', and
the reflector 222 is configured for reflecting the first image
192 and the second image 192' coming from the prism 224
to the dynamic switch 130.

More specifically, in this embodiment, the optical appa-
ratus 100 can be a projector/camera assembly, and the
desired position D is both a projection plane of the projector
and an object plane of the camera. In the first time period,
the first light source 180 and the second image sensing
device 190" are turned on and the first image sensing device
190 and the second light source 180" are turned off. Mean-
while, the mirrors 132 of the dynamic switch 130 are at the
first tilt angles 61. Hence, the first light source 180 provides
the first light beam 182 to the dynamic switch 130 and is
guided to the desired position D sequentially through the
reflector 212, the prism 214, and the reflector 216. The
second image 192' is guided to the dynamic switch 130
sequentially through the reflector 226, the prism 224, and the
reflector 222, and then the dynamic switch 130 reflects the
second image 192' to the second image sensing device 190"
In the second time period, the first image sensing device 190
and the first light source 180" are turned on and the first light
source 180 and the second image sensing device 190' are
turned off. Meanwhile, the mirrors 132 of the dynamic
switch 130 are at the second tilt angles 82. Hence, the second
light source 180" provides the second light beam 182' to the
dynamic switch 130 and is guided to the desired position D
sequentially through the reflector 212, the prism 214, and the
reflector 216. The first image 192 is guided to the dynamic
switch 130 sequentially through the reflector 226, the prism
224, and the reflector 222, and then the dynamic switch 130
reflects the first image 192 to the first image sensing device
190.

With this configuration, the optical apparatus 100 in FIG.
13 can provide projection function and image sensing func-
tion by switching the tilt angles of the mirrors 132 of the
dynamic switch 130. In other words, projections and cam-
eras can be integrated into a single apparatus without adding
other elements and taking large spatial space. Therefore, the
whole size of the optical system can be reduced while
multiple functions of the optical system can be applied.
Furthermore, the dynamic switch 130 can individually con-
trol the tilt angles of the mirrors 132 thereof to adjust the
intensity or the pattern of the first light beam 182 and the
second light beam 182', and the adjusting detail is the same
as mentioned above. Other relevant structural details of the
thirteenth embodiment are all the same as the tenth embodi-
ment, and, therefore, a description in this regard will not be
repeated hereinafter.



US 9,485,491 B2

15

Although there are two light sources and two image
sensing devices in FIG. 13, the numbers of the light sources
and the image sensing devices are not limited in this respect.
The optical apparatus in other embodiments can include
single light source and single image sensing device (for
example, the first light source 180 and the first image
sensing device 190, or the second light source 180" and the
second image sensing devices 190') or more than two light
sources and image sensing devices. Basically, an embodi-
ment falls within the claimed scope of the invention if the
dynamic switch 130 guides an image from a desired position
to an image sensing device and guides a light beam from a
light source to the desired position along different directions.

Although the present invention has been described in
considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims.

What is claimed is:

1. An optical system, comprising:

at least one optical apparatus, comprising:

a first light source for providing a first light beam;

a second light source for providing a second light
beam; and

a dynamic switch comprising:

a plurality of mirrors arranged in an array manner,
each of the mirrors having a first tilt angle and a
second tilt angle, wherein the first light beam and
the second light beam impinge on the dynamic
switch from different directions, and the dynamic
switch reflects the first light beam to a desired
position when the mirrors are at the first tilt angles,
and reflects the second light beam to the desired
position when the mirrors are at the second tilt
angles.

2. The optical system of claim 1, wherein a light path of
the first light beam from the dynamic switch to the desired
position is the same as a light path of the second light beam
from the dynamic switch to the desired position.

3. The optical system of claim 2, wherein the optical
apparatus further comprises:

a first reflector for reflecting the first light beam from the

first light source to the dynamic switch; and

a second reflector for reflecting the second light beam

from the second light source to the dynamic switch.

4. The optical system of claim 2, wherein the optical
apparatus further comprises:

aprism group for guiding the first light beam from the first

light source to the dynamic switch, guiding the second
light beam from the second light source to the dynamic
switch, and guiding the first light beam and the second
light beam reflected by the dynamic switch to the
desired position.

5. The optical system of claim 1, wherein the optical
apparatus further comprises:

an optical module for respectively guiding the first light

beam and the second light beam reflected by the
dynamic switch to the desired position along different
light paths.
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6. The optical system of claim 5, wherein the optical
apparatus further comprises:

a third light source for providing a third light beam; and

a fourth light source for providing a fourth light beam,
wherein the third light beam and the fourth light beam
impinge on the dynamic switch from different direc-
tions, and the optical module is further for respectively
guiding the third light beam and the fourth light beam
reflected by the dynamic switch to the desired position
along different light paths.

7. The optical system of claim 1, wherein the number of
the optical apparatus is plural, and the first light beams of the
optical apparatuses impinge on the desired position along
different directions.

8. An optical system, comprising:

at least one optical apparatus, comprising:

a first image sensing device;
a second image sensing device; and
a dynamic switch comprising:

a plurality of mirrors arranged in an array manner,
each of the mirrors having a first tilt angle and a
second tilt angle, wherein the dynamic switch
reflects a first image from a desired position to the
first image sensing device when the mirrors are at
the first tilt angles and reflects a second image
from the desired position to the second image
sensing device when the mirrors are at the second
tilt angles.

9. The optical system of claim 8, wherein a light path of
the first image from the desired position to the dynamic
switch is the same as a light path of the second image from
the desired position to the dynamic switch.

10. The optical system of claim 9, wherein the optical
apparatus further comprises:

a first reflector for reflecting the first image from the

dynamic switch to the first image sensing device; and

a second reflector for reflecting the second image from the
dynamic switch to the second image sensing device.

11. The optical system of claim 9, wherein the optical
apparatus further comprises:

a prism group for guiding the first image and the second
image from the desired position to the dynamic switch,
guiding the first image from the dynamic switch to the
first image sensing device, and guiding the second
image from the dynamic switch to the second image
sensing device.

12. The optical system of claim 8, wherein the optical

apparatus further comprises:

an optical module for respectively guiding the first image
and the second image from the desired position to the
dynamic switch along different light paths.

13. The optical system of claim 12, wherein the optical

apparatus further comprises:

a third image sensing device; and

a fourth image sensing device, wherein the optical module
is further for respectively guiding a third image and a
fourth image from the desired position to the dynamic
switch along different light paths, and the dynamic
switch is further for respectively reflecting the third
image and the fourth image to the third image sensing
device and the fourth image sensing device.

14. The optical system of claim 8, wherein the number of
the optical apparatus is plural, and the dynamic switches of
the optical apparatuses reflect the first images from the
desired position along different directions.

15. An optical system, comprising:

at least one optical apparatus, comprising:
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a first light source for providing a first light beam;
a first image sensing device; and
a dynamic switch comprising:

a plurality of mirrors arranged in an array manner,
each of the mirrors having a first tilt angle and a
second tilt angle, wherein the first light beam
impinge on the dynamic switch, and the dynamic
switch reflects the first light beam to a desired
position when the mirrors are at the first tilt angles,
and the dynamic switch reflects a first image from
the desired position to the first image sensing
device when the mirrors are at the second tilt
angles.

16. The optical system of claim 15, wherein a light path
of'the first light beam from the dynamic switch to the desired
position is the same as a light path of the first image from the
desired position to the dynamic switch.

17. The optical system of claim 16, wherein the optical
apparatus further comprises:

a first reflector for reflecting the first light beam from the

first light source to the dynamic switch; and

a second reflector for reflecting the first image from the

dynamic switch to the first image sensing device.

18. The optical system of claim 16, wherein the optical
apparatus further comprises:

aprism group for guiding the first light beam from the first

light source to the dynamic switch, guiding the first
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light beam from the dynamic switch to the desired
position, guiding the first image from the desired posi-
tion to the dynamic switch, and guiding the first image
from the dynamic switch to the first image sensing
device.

19. The optical system of claim 15, wherein the optical
apparatus further comprises:

an optical module for guiding the first light beam reflected

by the dynamic switch to the desired position and
guiding the first image from the desired position to the
dynamic switch along different light paths.

20. The optical system of claim 19, wherein the optical
apparatus further comprises:

a second light source for providing a second light beam;

and

a second image sensing device, wherein the optical mod-

ule is further for guiding the second light beam
reflected by the dynamic switch to the desired position
and guiding a second image from the desired position
to the dynamic switch along different light paths.

21. The optical system of claim 15, wherein the number
of the optical apparatus is plural, and the light beams of the
optical apparatuses impinge on the desired position along
different directions.



